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stability of the protein. For example, a small but significant fraction of emi1 mutant RPCs still 126 express the neurogenic gene atoh7, exit the cell cycle, and differentiate into retinal ganglion cells 127 in emi1 mutant eyes ( Figure 1A-B ). The same has been shown for elys mutants (Cerveny et al., 
138
The difference in susceptibility of emi1 and elys mutant cells to differentiation factors from the 139 wild-type environment may be explained by the distinct functions of these mutated genes. For 140 example, the emi1 gene encodes a protein that directly participates in the cell cycle by acting as 141 both a substrate for and inhibitor of the anaphase promoting complex (APC/C) (Cappell et al., 142 2018), whereas the elys gene encodes a large scaffold protein required for nuclear pore formation 143 and possibly chromatin organization (Rasala et al., 2006) . It is therefore tempting to speculate 144 that differences in epigenetic regulation may underlie the complete differentiation of elys cells 145 transplanted into a wild-type retina. It is also important to note that of all the mutants we tested, 146 only elys does not carry a mutation in a gene directly linked to cell cycle progression or regulation.
148
Our transplant studies also confirmed previous reports that mutations in histone deacetylase 1, 
157
Intrigued by the survival and continued proliferation of hdac1 mutant cells in wild-type embryos,
158
we further analyzed wild-type retinae containing hdac1 mutant clones at 4 dpf. Wild-type cells 159 transplanted into a wild-type environment appeared to differentiate as expected and wild-type 160 cells in an hdac1 environment also exhibited hallmarks of differentiation, forming clones that 161 contained cells with typical photoreceptor and interneuron morphologies (Figure 2A ,C). Small 162 clones of wild-type cells did not appear to force neighboring mutant cells to differentiate ( Figure   163 2C). Interestingly, we found that hdac1 mutant cells formed rosettes in wild-type retinae, 164 reminiscent of early tumor formation ( Figure 2B ). Not only do these rosettes persist in wild-type 165 eyes, but they also appear to disrupt adjacent retinal architecture, breaching the outer boundary 166 of the apical surface ( Figure 2B '') and interrupting the inner plexiform layer. Moreover, these 167 clones of hdac1 mutant cells appear to disrupt the lamination and possibly differentiation of 168 neighboring wild-type cells ( Figure 2B ''). In 9 of 14 chimeric wild-type retinae containing hdac1 169 mutant cells, we observed similar phenotypes of disrupted lamination and apical boundaries as 170 shown in Figure 2B '', raising the possibility that persistently cycling cells can alter the organization 171 of wild-type tissues. We believe that these studies establish the chimeric retina approach as a 172 potentially powerful way to study and understand the effects of nascent tumors on surrounding 173 neuroepithelial tissues.
175
to express key cell cycle exit genes including cyclin dependent kinase inhibitors (Yamaguchi et 177 al., 2005) . We asked whether hdac1 mutant cells could be forced to exit the cell cycle and 178 differentiate by inducing expression of cdkn1c (also known as p57) in hdac1 mutant retinae.
179
Contrary to previous reports showing that over-expression of a different cyclin dependent kinase 
196
To further explore how Cdkn1c activation altered hdac1 and wild-type cells, we used precisely 197 timed heat-shock to induce expression of either GFP alone or Cdkn1c and GFP in 28 hpf embryos were not much larger than cdkn1c-expressing clones in hdac1 mutant retinae, which had an 208 average of 15.4 nuclei ( Figure 2E ; n=23 clones, 9 eyes for each hdac1 -/sample; p=0.1008,
209
Welch's t-test, 95% CI). Interestingly, clone size in hdac1 embryos did not differ from cdkn1c-210 positive clones in wild-type retinae, suggesting that hdac1-linked hyperproliferation is not linked 211 to an increase in cell cycle speed but a failure to ever exit the cell cycle. Taken together with our 212 observations of limited differentiation in hdac1 mutant cells containing induced cdkn1c, these data 213 support the idea that Hdac1 activity likely contributes to expression of a number of gene products 214 that ultimately work together to efficiently promote cell cycle exit and differentiation.
216 217

Conclusions and Limitations
218
Based on our analyses of cell cycle mutant cells in wild-type retinal environments, we suggest 219 that cell cycle machinery and/or cell cycle control components are intrinsically required for cells 220 to respond to local extrinsic differentiation cues. We observed that nearly all cells carrying 221 mutations in genes directly controlling the cell cycle were not encouraged to differentiate by a 
229
In this study and in previous studies (Cerveny et al., 2010) , we observed that cells carrying 230 mutations that likely have secondary effects on cell cycle progression (e.g., elys) can reliably 231 survive and differentiate in a wild-type environment. The gene that is mutated in elys encodes a 
238
Not all types of genome organization defects are equivalent, however, as hdac1 mutants 239 appeared to act in a cell-autonomous manner, continuing to proliferate in a wild-type environment.
240
We were, however, unable to follow the long-term fate of the hdac1 mutant transplants past 4 dpf 241 and so were unable to establish whether these clusters of cells evolve into full-blown retinal 242 tumors. It would also have been interesting to further explore how the surrounding wild-type 243 tissues and cells alter their organization and behavior.
245
Our observations and those previously examining the effect of hdac1 mutation in the CNS Table 1 ). For gins2 experiments, 1-cell stage embryos were first 281 injected with ~1 nl of 1 mM gins2 morpholino (Gene Tools, Philomath, OR; 5'-282 GGGGTGAGTCAATTTATAATCTAC-3'), a dose that phenocopies gins2 -/mutants (Varga et  283 al., in preparation) and then injected with ~10 ng of membrane-targeted RFP mRNA.
285
Heat-shock inducible expression of cdkn1c 286 cdkn1c was amplified from cDNA using the following primers: 287 P57 forward: 5'-ATGGCAAACGTGGACGTATCAAGC-3' 288 P57 reverse: 5'-GCATGAAATTGCAAACCAAACTT-3'.
289
PCR product was cloned into the pCRII vector (TOPO-TA kit; Invitrogen), generating pCRII-290 cdkn1c. pCRII-cdkn1c was digested with EcoRI and then ligated into EcoRI-cut, shrimp alkaline 291 phosphatase treated pSGH2 (Bajoghli et al., 2004) , generating pKC040 to enable the expression 292 of both the green fluorescent protein (GFP) and cdkn1c from bidirectional heat-shock elements.
293
15 ng/µl of either pSGH2 or pKC040 plasmid were injected into single-cell staged embryos and 294 incubated at 25˚C. To induce expression of GFP or GFP and cdkn1c, 28 hpf embryos were 295 incubated at 38˚C for 30 minutes, transferred to E3 with PTU, incubated until 3.5 dpf, and then 296 fixed with 4% PFA for immunohistochemistry.
298
Immunohistochemistry, imaging, and analysis 299 After fixation, wholemount embryos were either subjected to immunohistochemistry as previously 300 described (Cerveny et al., 2010) or were cryoprotected in 15% and then 30% sucrose before 301 being embedded in Optimal Cutting Temperature (OCT) resin and cut into 30 µm thick sections 302 that were collected on charged glass slides (Polysciences, 24216) and stained with the following 303 antibodies: beta-catenin (mouse, 1:250 dilution; Sigma, C7207); GFP (chicken, 1:250 dilution, 304 Abcam, ab139709); RFP (rabbit, 1:500 dilution, MBL, PM005); PH3 (rabbit, 1:300 dilution,
305
Millipore, 06-570); ZO-1 (mouse 1:100, Invitrogen, 339100). Nuclei were counterstained with 306 DAPI (1 µg/ml from a 1 mg/ml stock in DMSO; Sigma) or sytox orange (1:10,000 dilution, 307 Invitrogen).
308
All images were captured on a Nikon A1+ confocal with a long working distance 25X, 1.1 NA 309 water immersion lens. To quantify clone size, stacks of confocal images were converted to Imaris 310 (Bitplane) files and distinct clones were first manually contoured to generate distinct cdkn1c and Wild-type siblings (left) and hdac1 mutants (right) were fixed at ~3.5 dpf and then probed with activated caspase 3 antibody. Both representative images are maximum intensity projections. Note puncta scattered throughout hdac1 mutant but not in wild-type.
Supplemental Figure 2.
Inducing high levels of cdkn1c rarely trigger neuronal differentiation in hdac1 retinal progenitor cells. Frontal cross-sections of retinae from same experiment shown in Figure 3 ; cdkn1c-positive clones were detected by immunohistochemistry (green) and nuclei stained with DAPI (red). hdac1 mutant cells in cdkn1c-expressing clones (green) generally exhibit neuroepithelial morphology (A, B) consistent with proliferation and rarely show neuronal phenotypes (B, arrow heads) whereas agematched wild-type sibling cells within cdkn1c-expressing clones (green) always exhibit neuronal morphology and lamination (C).
